Treatment of Wastewater. Removal of Heavy Metals by Nanofiltration. Case Study: Use of TFC Membranes to Separate Cr (VI) in Industrial Pilot Plant  by Otero, J.A. et al.
 Procedia Engineering  44 ( 2012 )  2020 – 2022 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.09.029 
(XURPHPEUDQH&RQIHUHQFH
>3@
7UHDWPHQWRIZDVWHZDWHU5HPRYDORIKHDY\PHWDOVE\QDQRILOWUDWLRQ&DVHVWXG\8VHRI
WIFPHPEUDQHVWRVHSDUDWHFU9,LQLQGXVWULDOSLORWSODQW
-$2WHUR20D]DUUDVD$2WHUR)HUQiQGH]0')HUQiQGH]$+HUQiQGH]$0DURWR
9DOLHQWH
8QLYHUVLGDGGH&DQWDEULD6SDLQ
,QWURGXFWLRQ

+HDY\PHWDOVDUHQRWGHJUDGDEOHDQGWKHUHIRUHFRQWLQXHWRUHPDLQLQZDWHU7KLVIHDWXUHPDNHV
WKHPWREHDPDMRUVRXUFHRISROOXWLRQ>@>@0HPEUDQHWHFKQRORJ\LVDJRRGVROXWLRQWRVROYH
WKLV SUREOHP DV LW FDQ EH XVHG WR VHSDUDWH KHDY\ PHWDOV IURP ZDVWHZDWHU DOORZLQJ LWV
VXEVHTXHQWUHXVH>@1DQRILOWUDWLRQ1)KHOSVWRDSSURDFKWKHLGHDO]HURGLVFKDUJHSURFHVVLQJ
RIHIIOXHQWVLQLQGXVWULDODSSOLFDWLRQV0HPEUDQHSURFHVVHVDQGWKXV1)FDQDOVRFRPSHWHZLWK
RWKHUWUDGLWLRQDOPHWKRGVIRUWKHWUHDWPHQWRIZDVWHZDWHUERWKXUEDQDQGLQGXVWULDO1)FDQEH
XVHGHLWKHUWRUHF\FOHZDWHURUVROXWHVRUWRLPSURYHLWVGLVSRVDOTXDOLW\>@

6HYHUDOLQGXVWULHVSURGXFHZDVWHZDWHUFRQWDLQLQJFKURPH9,>@7KHVFLHQWLILFUHVHDUFKUHIHUV
WRWKHDSSOLFDWLRQRIQDQRILOWUDWLRQ1)WHFKQRORJLHVWRWKHWUHDWPHQWRIWKLVNLQGRIZDVWHZDWHU
WRUHGXFHIUHVKZDWHUFRQVXPSWLRQDQGHQYLURQPHQWDOGHJUDGDWLRQ

0HWKRGV

1DQRILOWUDWLRQ PHPEUDQHV PDGH RXW RI DURPDWLF SRO\DPLGH KDYH EHHQ XVHG 7KH\ DUH
$)&3&, 3DWHUVRQ &DQG\ ,QWHUQDWLRQDO/WG 8. PDGH E\ WKH WKLQILOP FRPSRVLWH 7)&
PHWKRGRQDSRURXVSRO\VXOIRQHVXEVWUDWH$FFRUGLQJWRWKHPDQXIDFWXUHUVWKHUHFRPPHQGHG
ZRUNLQJWHPSHUDWXUHLVEHORZƕ&WKHPD[LPXPDSSOLHGSUHVVXUHLV03DDQGS+PXVWEH
LQWKH±UDQJH([SHULPHQWVZHUHWDNHQLQWKH LQGXVWULDOSLORWSODQWGHVLJQHGDQGSDWHQWHG
E\WKH,3)05HVHDUFK*URXSDWWKH8QLYHUVLW\RI&DQWDEULD>@:LWKWKLVDLPV\QWKHWLFVDPSOHV
FRQWDLQLQJ&U9, LRQVDWYDULRXVFRQFHQWUDWLRQVSSPZHUHSUHSDUHGDQGLQYHVWLJDWHG
7RWDOUHFLUFXODWLRQZDVXVHGZLWKERWKSHUPHDWHDQGFRQFHQWUDWHGUHWXUQLQJWRWKHIHHGWDQNWR
VWDWLRQDU\FRQGLWLRQV3UHVVXUHVXSWR03DZHUHXVHGZLWKDIHHGFURVVIORZDURXQG/KDW
DWHPSHUDWXUHRIƕ&

5HVXOWV

7DEOH  VKRZV WKH UHMHFWLRQ YDOXHV IRU&U 9, DV D IXQFWLRQ RI FRQFHQWUDWLRQ DQGSUHVVXUH RI
RSHUDWLRQ 7KH UHVXOWV DFKLHYHG VKRZHG WKH KLJK HIILFLHQF\ RI1)SURFHVV IRU WKH UHPRYDO RI
KHDY\ PHWDOV ZLWK D KLJK UHMHFWLRQ 5 IRU &U9, !  IRU D IHHG FRQFHQWUDWLRQ IURP  
SSP

Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
2021 J.A. Otero et al. /  Procedia Engineering  44 ( 2012 )  2020 – 2022 
7DEOH5HMHFWLRQRI&U9,DWGLIIHUHQWIHHGFRQFHQWUDWLRQVDQGRSHUDWLQJSUHVVXUHV

)HHG
FRQFHQWUDWLRQ
  
5HMHFWLRQDWGLIIHUHQW
  
SSP       
       
       
       
       
       
       



'LVFXVVLRQ

7KHORZOHYHORI&U9,FRQFHQWUDWLRQDWWKHSHUPHDWHREWDLQHGLQDVLQJOHVWDJHDPRQJ
DQGSSPUHVSHFWLYHO\ LPSOLHV WKDWZDWHUZLWKJRRGTXDOLW\FRXOGEH UHFRYHUHG IRU IXUWKHU
UHXVH ,QRUGHU WRDOORZ WKHH[FKDQJHRI VFDOHDQG LWV IXUWKHU LQGXVWULDO DSSOLFDWLRQ WHVWVZLWK
DURPDWLFSRO\DPLGHFRPPHUFLDOPHPEUDQH7)&$)&3&,WKLQILOPFRPSRVLWHZHUHPDGHLQ
WKHLQGXVWULDOSLORWSODQW

5HIHUHQFHV

>@+DQL$EX4GDLV+DVVDQ0RXVVD'HVDOLQDWLRQ
>@0$%DUDNDW$UDELDQ-RXUQDORI&KHPLVWU\
>@)HQJOLDQ)X4L:DQJ-RXUQDORI(QYLURQPHQWDO0DQDJHPHQW
>@$:DKDE0RKDPPDG5L]DIL]DK2WKDPDQ1LGDO+LODO'HVDOLQDWLRQ
>@ =KL :DQJ *XDQJFKXQ /LX =KLIHQJ )DQ ;LQJWDR <DQJ -L[LDR :DQJ 6KLFKDQJ :DQJ
-RXUQDORI0HPEUDQH6FLHQFH
>@ -$ 2WHUR * /HQD -0 &ROLQD 3 3UiGDQRV ) 7HMHULQD $ +HUQiQGH] -RXUQDO RI
0HPEUDQH6FLHQFH
.H\ZRUGV1DQRILOWUDWLRQ+HDY\PHWDOV&U9,:DVWHZDWHU
2022   J.A. Otero et al. /  Procedia Engineering  44 ( 2012 )  2020 – 2022 

